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(54) DIGITAL DEMODULATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a demodulation 
signal of a high quality with a simple constitution. 
SOLUTION: A DMUX 1 1 circulates and outputs data in a 
digital FM signal to generate signals SI to S4. An MUX 14 
alternately outputs the signal SI and the inverted signal of the 
signal S3 to generate a signal Si(k). An MUX 15 alternately 
outputs the signal S2 and the inverted signal of the signal S4 to 
generate a signal Sq(k). An interpolation circuit 17 inserts 
data, whose value is 0, between respective data of the output 
signal of the MUX 14 and cuts the high frequency component 
to generate signal Sl(t). A second interpolation circuit 19 
inserts data, whose value is 0, between respective data of the 
output signal of the MUX 15 and cuts the high frequency 
component to generate a signal SQ(i). An operation circuit 2 
operates Sl(i-l).SQ(i)-Sl(i).Sq(i-l) and outputs a digital 
demodulation signal by integrating. 
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mnsmi ©^^©©aj^-^^ButB^-r V'Z^mm 
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©ffla«#4*s»-rsm©si*#s <2 7> 4. 
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(22) 4. 

Byia^2 ©*ira#©©m2rt»#&8&iB7^ v>z>\^sm 
*t© i •? > 7" y > y^iw^jiM 3 t*- 5 3r 2 ©iiM ^© 

(2 3) 4. 

BtlfB® 1 ©35£^Jg©a}7JfI^4 . i«ia» 2 ©fflra^s 

<D&>t>m*%t*fm-?zm 1 ©ie#^© (27) 4. 
mwrn 1 ©ratia^©© m^ft^ 4 . great 2 ©iis^© 

©ffi*M^4*^S[-rS^2©«#^S (2 9) 4. 

Mian 2 omm^mvmtim^t mm 1 

tilM^i©S4iR4SffS (3 3) 4. 

Buia^ 1 ©*BB*S©H«Jfi^* 2itSf3 ©St»^ 

© (25) 4. 

«waf&2 ©^^©©ffl^m^* 2sg-rssi4<z>iiitt^ 

©(31)4. 

I«ia03 ©*»^©©Hi^#^4 wria^4 ©*i?^©© 

tttt»m#4*. aw-i-saw^s <3 5> 4. 

tut a$ct^©© mxm^ 4 miiajin^©© ffi*m#©- 

?j£fi7> -CRSSTT £ Bfc#^© (3 7) 4. 

<fc o «tfiS§ n& c 4>&«F@4-r-5if*iB i x«2 KiBig 

©■r t ^£.»MIia&.> 

mmm i ©^^©©tttfjfi^* 2 srrs si 1 © 2 

©4 (2 5) 4. 

lulB^ 2 ©MB8^©© fcti^Jfi^* 2 Sir £ IS 2 © 2 
©4(3 1) 4, 

Mt a» i © 2 sfi^©© a^m^- 4 . mwsm 2 © 2 si^© 
(D&jjm^tzmmTzmm^® (2 7) 4. 

J: 0 ti5 C 4 ZUmf? zmMm 1 X»2 KIBtfe 

©7w iszimwrn. 

im^m6 ] Btrtam 1 s^2 ©ti^^©». m 1 <om 
^©sf- ^©ratcffl*s-fe*o ( 0 ) ©ft^^ff A-rsjf 

A*©4. BUIB»A^©©m*«^©lSM?e^*l^* 
jfrtt (LPF) 4^6«fiS?ti-5C4 

4^4 r zm>m 1 /is 5 ©t^rn^ 1 -?(ctaig©^ 

6. ^2R^3-C^?tl^7 ; ^^^;Ht-^Si tk) 4S 

BUlB^Sic, 4Sq (ll ,#>6, t4ii5tl?n2.f 
Y^^^M-^Si" (ll iSq- £i) ^^Sm2©^© 

4, 

M#Sr t , 5 4Sq (1 ,*»6»[6 41^7r-«Stl€»T r -f 
5>* ^m-^ S I t , , 4 S Q , , S^3 ©^©4 . 

Cftl] S (i) =A - s in (2 - 7T - f t • i/f ,+ 
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5 - s i n (2 - tc ■ f ■ i/f s ) ) 

ns.%.mtm<Dmmk. f .«-$->:/'.; >*jb« 

ft i = l, 2, 3. — . f .= f s /4) 
[82 J Sito =A • c o s (S • s in (2 • tc ■ f 

• (2 • k- 1 ) /f ») ) 
<k= 1 . 2. 3. :••) 

[»3] Sq„,)=A- s in (« • s in (4 • n • f 
•k/f 5 )) 

[§&4 ] Si' C i)= (A-cos (J-sin (2 • 7t 10 

• f/f s> ) . 0, A-cos (S • s i n (6 • je 

• f/f s) ) . 0, } 

5 ] S q' t , , = (0, A-sin (S - sin (4 

• JC • f /f ,) ) , 0, A-sin (5 - sin (8 

• JC • f /f 5 ) ) , } 

[fit 6 ] Sl m =A • cos (5'Sin ( 2 • 7t • f 
i/f 5 >) 

[Sfc7 ] S(i, 3 =A - sin (8 ■ s in ( 2 • 7C • f 

• i/f 5 ) ) 

[»8]y„, = B- {s i n (2 • tc • f • i/f s ) 20 
-sin(2-7C-f-(i-l) /f s ) } 
(CCT\ Bt*{i#S!&> 
[113518 ] iwtBffl 1 <D^mt. 
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t5tl 2T?«3n-54-D©7 r ^^^;Hl^Sl <k3 7 , »MS4 
ci, ££/&-r£ffl 1 ©^^Si » 

r-ai^ft^TM s^;Mi-^Si clJ< Sq ct ,££»£-r£3l 

2©^&3Mg<fc. 

[ifc9 ] Si,„=A-cos (5 - s in (2 • 7t • f 

• (4 • k-3) /f s ) ) 

[tlO] S2 (l , = -A - s in (6~ - s in ( 2 • 7C 

• f • (4 • k-2) /f s ) ) 

[tl 1] S3 (l) = -A-cos (ff • s i n (2 • k 

• f - (4 - k- 1) /f 5 ) ) 
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mram3 ©*»^©©En^M^<!:ByiB®4©^»*|g© 
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f + 0) . 0, •• } 

mi 7 1 {Sq* (k >} = {0. (A + 1 ) • c o s 
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SQ(i) = (A+l) - cos <2 • % • Af + 0) 
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©«&#B©x-#Mjfp£#J&3*i, ^-^SfcftF-sfas 
IHWHt#£jfc¥«*» 6 tti^j 3 ti & & 1 oi^©#f- * 

omcctt&s-ea (o) ©^-^j^A-rsat i©fir.a^ 
© < 1 7 > a. roiB«pifflj»m#^ai*B»>i&a^3*is 

»2©«#©&^-ir©IBK:ffiaH*a (0) 

a^-s^ 2 (omm^-m < 1 9 > 4 . ariam 1 ©ara^rn 
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[0 005] ^fc, C ®»9I<D* 2 ©«L£(C -5 5» -/ 
y*jba«Btt. £*2 l-cSteti&fwysuHi-SS 
m>*»6» U2 2RO'SSt2 3r^3txS7 r ^ i^Ufl^ 
Si^jiSqo^^-rS^l©*©^, wlBm-^Si 
(k ,£Sq,„*>fe. »2 4ili2 5ri3tlS? : r^ 
*»#S1* ,„iSq' 2 ©3Mg£, ft 

#Si' ciSq- tl ,*6«2 6 iSf2 7 -ca3tiSr 

10 M#Sl c ,,iSQ c1) *6fS2 8T*?n5f ^it^S 

[$St2 1 ] S tfJ =A • s i n (2 • te • f c • i /f s 
+ 6" • s i n (2 • x • f • i/f s ) ) 
( c c tr. Att&fi. ff = f f . f ,ra«*S&&fil 

ft. i = 1, 2, 3, f c = f 5 /4) 

[?8!2 2 ] Si £k3 =A t ,. k _ 15 • cos (6" - s in 
(2 • jc • f • (2 • k- 1 ) /f 5 ) ) 
20 (k= 1 , 2, 3, •••) 

[S2 3] Sq,„, = A t ,.„ - s i n (5-sin (4 
• 7C ■ f ■ k/f s ) ) 

[t2 4] Si' c, = {A ta5 - c o s (5 • s i n 

(2 - K • f/f ,) ) . 0. A t3 , • c o s (J-si 
n (6 • tc • f/f s ) ) , 0. } 

[$J[2 5 ] Sq' C1> = {0, A t2J • sin (8 • si 
n(4-7T-f/f 5 )), 0,A< o -sin(S-s 

in (8 • tc • f/f 5 ) ) . } 

[1^26] Sl It , = A (U • cos (8 ■ s in (2 • 
30 x • f • i /f s ) ) 

[^27] S<*,, = A M > • s i n (8 • s i n (2- 
tc • f • i/f 5 ) ) 

[S!2 8] y ci) =B-{sin(2-7C-f-i/ 
f s ) - s i n (2 • tc • f • ( i - 1 ) /f ,) } 

(cct. B»sas^rc*-5) 

[ 0 0 0 6 ) $ fc. C ©^B^<D^ 3 ©8j5K:#>#> ^ 7 s ^ 

m>*»6. ^3 0RCXtfc3 l-C^3n«^^^»JUA-# 
Si [lt >iSq tk ,4^B£-rSlll©^i, WfBm-^Si 
40 £k5 iSq to i6ie>, t3 2ift3 3"C^3n5f^ Z>$ 

Mf-^Si' ...iSq' {t ,«^iaH-4ar2©#«4. ft 
#si' tl) is q ' (l) *6i34ii35r*dn5f 

•/ jrjHt#S I t , > 4 SQ, , 3 ©^©4 . 

[^29] 

S (l> = (A+ 1 ) - cos (2-TC-fc-t/fs) 

(cc-c, ABfieg^ f.tx«s6jft©jaisa». f ft n 

50 1?->-^ 1 ) >^S^T*$>-5>) 



[$3 0] Si c .,= (A.,.,.,,+1) • s i n (2 • 
(2 k-l) -TC-Af + 0)) (k=l. 2. 3. 
•••) 

[$3 1 ] Sq clo = (A ( ,. n +l) -cos (4 • k • 
u ■ Af + 0) ) 

[$3 2 ] {Si 1 ,»>} = { <A t .„ + l) • s i n (2 

• 7t • Af +0) . 0. (A„ 3 +l) • s i n (6 • 7t 

• Af + i/>) . 0. •••} 

[$33] {Sq' <„,} = {0. (A t „+1) • cos 
(4 • 7C • Af + 0) . 0, (A {4) +1) • sin (8 10 
•H'Af + 0), 0. •••} 
[$34] 

Sl (1) = (A r)5 +1) sin(2-Jt Af + 0) 
[$3 5] 

50,,,= (A (i) +1) -cos (2 • 7C • A f + 0) 
[$36] y MJ = B • (A <iJ+ l) 1 
(CCt, B «««?£$) 
[0007] 

WfeoyBmui-friPZ? ■< ^iDVFMmm^ico^xmm 20 
[0008] <Mi <D9m<ojtm) m 1 comxD 

m 1 ©S!J&6<D7f^fta>:&>5 F MSSS 1 ttVT:/ 
a?9\a~C$>2>. H^-TScfc^K:. COFMSt«] 
(J. TyftSi, ^©0884 <fc. •9->7-"J>^|5]8S5 

(DMUX) 1 li, >fW<-^12, 13i, 

(MUX) 14. 1 5 £ . MFbIHSS 1 7 „ 19 
<b. ?Sm@!§2 1 <!:. S»|5IS82 1 30 

tt. »?im-?2 2. 2 3£. Hfg2 7, 29i. ttflt 

[000 9]7>ft3», FMf^S a£S:fI[I18S4 

«cfla&-r*. s«ibiss4« 1 r>T-^-3^6«*&$n/c 
fmw samite, wams&k* **.-~>#m*tf 

Sj^LT7 ; ^^^^FMttliS2{C«*&-r-2,„ 40 

d- > 7- y > ym?g 5 im? M&mm 2 tc«i& 

[0010] DMUX 1 1 tt. 1f>7''J>^'llSg5*'6 
f8*&<**l£AfcfI# (9*-* ) 440CDtH^j^Sl- * 

{S t1 , } = (I, - cos (5-sin 
(8 - s i n (4 • 7t • f /f 5 ) ) . - 
/f 5 ) ) , I.*sin(£>sin( 
[0018] DMUX 1 1 «. $3 QiCTTit^-i isZfo 
fl^Sc,,©^-;**. 4o©tH^)^K:lBS«:^au so 
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* S4(cjiH#(tffl7rr&. -C>^'-$12. I3ii. -en 

^n. DMUXl l©^3SO'^4©m^S3£S4*> 

3 n*m#*i so- Ciffi^-rs 

f i>) o MUX 1 4tt. DMUX 1 1 ©fl 1 ©tfcttfSi 
^>^*-^r 1 2*>6«&3ft£m^££S«:jSWL-CtB 
^jTSo MUX15«. DMUX 1 10^2©{iJ73«£ 

1 3^6«*&$n^,m^3^a«ciiiRUTai 
[00 1 1 ] Mfffl@ssi 7. 19 6*. *n-en. S2sc 

^-TJ:5CC. -fe'n»AlHlK4 1 £LPF4 2 tfrhmfc 
-fe'a»AlHlSS4 1 tt. MUX 1 4XB 1 5#>6 

»Am^j?n-s«^ (7*-*) cDratcffiAJ-fe'o (o) © 

30 5JfAt5„ LPF42B. -fe*aftiA@ 
824 1^6^*&3nsm-^4i©WJa^^*^4T-5o 
[0012] ?S»II1S82 1 ©ISiT 2 2 . 23ii, ffl 

17.19 ©m?jfi^£ i v- > > #mM&M 

pa@ifc i 9 ©atfjft^£*irr-5. sss2 9(t as 
*^2 3 ©ai^fi^<b?fKiiiRg i 7 ©tfcwi^i*ssirr 
6 0 s»^3 3«. mn^2 9<Dmt>m^h. mm 

[0013] ^5C. m 1 FMJtUtt 1 ©BbfP=£rltt 

w?Zo f J -fy^^FM«ps2cc«. ■y->7'';>yEl 
gg 5 ~cv> >; > ^m-^tctqf o r-9-> 
&3 7tc^-r*riasiffift-^s ct) *stt*&3ns 0 cct 

[0014] 

[$3 7 ] S ct , = 1 „ • s i n (2 • it ■ f c • t + S 
•sin ( 2 • jc • f • t ) ) 

[0 0 15] CCT. f t (WtU7^. 5=f d / 

f. f a $*sAjaj«&$«M. f««n«-^©^$. t 

= i/f 5 . f V >yJSjg$. i = l. 2. 3 

^-en-en^-r. 'jT^$f c ^if>7'u> 

^S&$f 5 ©l/4 (f.- f 5 /4) (C^-T -Si. 
t3 7BH(3 8{Ct?ftx4Ci*srt5„ EP^, t=-< 
i?Z)lFMW.mm2t,at, IS3 8-Ci3h5f-/y^^ 
FMt^S„,*TOnS. 
[0016] 

[$3 8] S M , = I.-sin(<x-i)/2 + 5- 
s i n (2 • ic • f • i/f s ) ) 
$3 8iC^fm^S to «. i3 9K^tJ:^KIt» 

[0017] 
[$3 9] 

(2 • 7C - f/f s ) ) . - I. - s i n 
■1,'cos ( S • s i n (6-7t-f 
8 • ?t • f/f s ) ) . •••} 
TrttfjTS. g£oT. Ml -!4©(liM*6tli^?tl 

^T^i^Wi^si^-s^ti. $4 0~$4 3-r 



(8 • s i n (2 
(8 • s i n (2 
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[0019] 

[14 0]Sl< k ,= I.-cos(5'sin(2 

• f • <4 • k-3) /f s ) ) 

[14 1 ] S2 Ck3 = - I. • s i n 
7E • f • (4 • k-2) /f s ) ) 

[»4 2] S3 tk3 = - I. • co s 
7E • f • (4 • k- 1 ) /f 5 ) ) 

[14 3] S4 It) = I, - sin (5 - sin (8 - it 

• f • k/fs) ) 

[0 02 0] 1 2{*. fl#S3 (k ,?rl 80" 

{BBSS* <t****iSR) L<, -S3,oKSSftUrMUX 
1 4 «:et«&-r-5„ MUX14B, ff-SfSl< S3 
[k3 £A#U, 3SSKth^TS. MUX14<Dni^<i^ * 

= cos (f • s i n (2 

[S4 5] 

SP(t> = {Sen. — S 1 4 j . S f6 }. S( t >, •*•} 
= 1. • s in (5 - s in (4 - x- f • k/f s ) ) 
k= 1, 2, 3 ••• 20 

[0 02 2] 

[146 ] Si tktl ,= " Sq (k , 

CCf. *Sq ck ,«. Sq (k ,itt90- {kffi#SS&Sff 

[0 02 3] Si Ck > iSq (kl O^>7-'J>migtft% f 
s tc^T-Sfc^. Waggl 7©^o»AB!S4 1 « 

fi-stsi tk ,*A*iu m-^si^^s^-^Rgtc. m& 

■fefp (0) ©f-$mL> 14 7 (Cir^iM^ Si' 
o^HttnT*.. Mra@?§ 1 9©-fe?P«fA@SS4 1 Sift 30 
-*§Sq {kJ £A;bU ft-^Sq <k3 ©#^-^Pa{C. 
a (0) ©f-^^ttAl- 14 8fc*rr«-^Sq- 

[0024] 

[147] Si' „,= {S (13 , o, -s 03 , 0, s 
(s) , 0, -S t73 '--} 

[148] Sq' t1> = {0, S tI3 , 0, -S t , 3 , 0. 
S( 6 j, 0, — S f s ) * • * } 
[0 02 5]«Fa@8817©LPF4 2«. It^tSiCi)* 

Y { ) 3 — SQc( 3 • S I t i -i > — S Qt i _i 3 • Sl C jj 

= I.' { s i n (8 • s i n (2 • tc • f • 
i n (2 • tc - f - (i-l)/f s ) ) - cos 
i / f s ) ) • s in (J • s in (2 f ■ 
= I. J • s i n (8 • (s i n (2 • % ■ f 
f • < i - 1 ) /f s ) ) ) 

[o 02 9 ] y->7'vy-ymmmf s te. m^o^^ 
sc. mmmn<Dmmk f <t k> < tss $ nt *> o . 

15:5 2tt«5 3©«fc5«C*S»*.4C<fc**'T?$*. 
[0 03 0 ] 

[153] Y [i3 =F I. 1 • 5 - U i n (2 • tc ■ f • 50 
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*Si (k ,. BP%, MUX 1 4*5{ij^7-rSr-* V>*>)\,m^*i 
I4 4&t^-r., C<D-r -*S>#;HI#S lojfct, fr^^f 
;U F Mft^t S { , 3 <D^H&#@©:r-- £>fltj£§ 

z 1 3 t#s^i8o- mm%k (##£JS 

K) U -S4KiaftttMUX 1 5{C{ttj£TS. MU 
X15B, «^S2SCX- S4£AlfrU ^SKtBM 
MUX 1 5©ffi;frr67 r -^£^m^Sq tk3 £Ifc4 

[0 02 1] 



[14 4] 
•} 

• (2 • k- 1) /f s ) ) 

* (Dmmmf&ftzmii i, i49 ^ s? f^mn s 
ic^ai^-r-s. «rwi90LPF4 2fs:. 

^Ht-^SQ.^ta^j-rs,, 

[0026] 

[^49] S I t , , = I . • cos (8 ■ sin (2 • tc 
■ f - i/f s ) ) 

[150] Sft,)= 1. • s in (8 - sin (2 ■ tc 
• f • i/fs) ) «-^Sl (i3 £m#SQ 15 
lfCTjrTJ:^ S^tcjt3^U/cft-^tr*-5 0 
[15 1 ] Si cl3 = * Sot,, 

[0 02 7 ] mmm*2 2lt. fi^SlofcltJ-^U 

7», <t^si t1 _ l3 <!:. mm®98i Qomtim^SQ,^ 

t*$m?Z>. iiJ5^2 3« > H-SfSCio^. 

11f>7'';>y^»i^jlMU. SQ,_ 13 *ffi^€»„ 3R 

fiS2 9tt. «-^SQ„-a><t, tiraiass i 7 ©m^ft-^ 
mm**>?mm2 7 <Dmt}fm* : 4mh, i5 2-cs$ 

[0 02 8] 
[15 2] 



i /f 5 ) ) -cos (S ■ 
(5-sin ( 2 • 7T • f • 

( i - 1 ) /fs) ) ) 

• i/f 5 ) - s in (27C 



i/f s ) - sin (2-Tt-f - (i-l)/f 5 )} 
ttis. 15 3fciSm#Y<„*«#Ur«iS<tf#£ U 

[0 0 3 1 ] CCDJ^fC, HKD^-Y^^^FMaifS 



(7) 

31 

■5. Lfri>> tltSLPF*5. ffiffl@?S17. 19(C 
H^r**. SEot, 7=^ ^£>>UFMmf8S2£ J C> 

d s p^<omm®&-c&micmf8.T & c t v-a* 
[0 03 2 3 <m2 <DmM<mm) m i <om&<m»v 
it. *r B i/g®ft-^- s , t , ©^*i a i . ©t§^© ^ 

T< vzhvumm 2 «atj«^s , t , ©«©&*-se 

©ffJMior. ^ra^jS«#s t0 ©tii|iaA <0 *5— io 

[ 0 0 3 3 ] m 3 it. HT2 ©*56©fl5!&©F MSfltS 1 
©8/&£^3\ C©FM§fil©^B, S*W(C« 

tii&mteZ. BP*i. ?H#@SS2 1 it. 351^2 2. 2 

3<t. mnm2 5. 27. 29, 3 1 <t, &i?3§3 3 
5tt»»«g2 5. 3 1 ©-eti-eti©H«3e#*awr 20 

5. BJHB3 7K. SWS3 3©tHae^ft»6»J»»3 

5©ta*e-^*B»rs. -e©fl?!©ii*ER^2 2. 23 

t> S#S2 7. 2 9i, M#g33 3©$fig« v 01© 

[0034] mmmm*-gtsTi-u#FMm-%s< t ,!<z 

[0 03 5] 

[St 54] S (t) =A (t , - sin (2 • tc - f c • t + 
*• sin (2-je - f • t) ) 

[o 03 6 ] ■y->7vy?mffibu> T-f-aVFum^ 30 

[0 03 7 ] 

[£fc55] S M ,=A ( ,, • sin ( (tc • i ) /2 + S 
• s i n (2 • tc • f • i/f s ) ) [»B2] 
[0 03 8] DMUXlltt. f-fffAFMffS * 

Si' „,= {S,„. 0. -S {3> . 0. S, 5J , 0. 
= |A (1) - cos ( S • s i n ( 2 - tc 

cos (5 - sin (6-)f f/f 5 ) ) , 0, ■ 



9-130 148 



12 



s i n 



s i n 



sin 



*„>©SfI-5ftf-£. 4o©ffi;frJfr?-tcJ®#K:tttt;u K 
5 6HR5 9K7STI^Sl <l) ~S4 I , 1 *4liW4. C 

». f t = fs/4©M<£Ct&S„ 
[0 03 9] 

[ft5 6] Sl,,^ A, « . k _,, -cos (8 • 
(2 • tc • f • (4 • k- 3) /f s ) ) 
[ft57] S2 Ck , = - A,,.*.,, • s i n {8 
(2 • tc • f • (4 • k-2) /f s ) ) 
[$[5 8] S3 {k , = -A«,.*.,, • c o s <,8 
(2 • tc • f • (4 • k- 1 ) /f s ) ) 
[ft59] S4 tk ,= A (4 . k) 'sin (J-sin 
(8 • it • f • k/f s ) ) 
{IU k = 1 , 2, 3. •••T*5. 
[0 040] 1 2tt. M-^S3 (k> *l 80" 

<4ffi^J£ (ff9*SR) bt. -S3, H K»ltMU 
XUtc^fi. MUXUtt, ®#Sa<„Raf-S 
3k„£A#U 3S5(Cth^L/r. »6 0K7Wflr^Si 
c»£tft*r*-&. 3* 1 3B, «^S4 t », 

*1 80- teffisgjfc bt, -S^.jtcSE 

ilTMUX 1 5{Ctt^-T5. MUX15K, f#S2 

(k ,;ftCF-S4t fe ,£Aftl/. £E«cHWjot. tst6i«: 
[0 04 1 ] 

[$[6 0] Si tkJ = A„. k - UJ • cos • s i n 
(2 • tc • f - (2 • k- 1) /f 5 ) ) 
[ft 6 1 ] Sq tk3 = A ( ,. k5 - sin (5-sin (4 
• tc • f • k/f s) ) 

[0042] ffiffl®® 1 7 ©-fe'Pjf ABK4 1 it. ft # 
Si <k ,£A7Jb. «#«1B«:. ffi#*fa (0) ©ft^J? 

£#Ab. &6 2(C7K-r<t-*§si* <0 */H*-r*. fillBI 

S»l 9©-tfo#PABIS4 lit. «#Sq,»>*Aau 

m^xwmc. m»nn <o> ©i^mi>, ^6 3 

[0043] 



-s f75 •••} 

f/f>) ) . 



[£663 ] 



Sq' „,= {0, S c „, 0, -S t4J , 0. S<„, 0, -S, 

= {0, A Ci , • s i n (6* • s i n (4 • tc • 
, • s in (J • s in (8 - x • f/f s ) ) , } 



0, A (3) 



•} 



f /f 5 ) ) , 0, Ac. 



[0 04 4] 11Pifl@S&l 7©LPF4 2«, fi^S, (i) 
©B5JS#?J&t}£I&*U ft6 4tC/n-rm^Sl [t ,?rti5^ 
SZ>. itc. ffim®8&l 9©LPF4 2tt. M^Sq,,, 

[0 04 5] 



s i n 



(2 



s i n 



(2 



50 



[ft64] Sl m = A (1) - cos (8 
tc • f • i/f s ) ) 

[ft65 ] SQ„, = A ( ,, - s i n (8 
tc • f • i/f s ) ) 

[004 6] fi^Sl tl) tfl#SQ f) i«> IS6 6(C; 
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[$66 ] Sl t „= * SQ,,, 

[0047]:^ mm^25it. mnsit i ,*2mh 
r. ffi-sts i' mm%3 ]«, m^sQ 

-rii-^ A 

[0 04 8 ] 

[»67] A I „ 1 = Sr Cfl + S(f (fl 
[0 04 9 ] 2«, M*tSl t1) £ 11^>:/>J 

>*ja*W*iEEU «#Sl (4 . 15 *Ui^€» 0 Hti?3l2*l0 
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*7K. «^Slc,-„4. fflfSEIISl 9©fcB#ll-^SQ,, 
— 35T. ilS*^2 3«. e^Sft,,*. 

si ( ,,<t£ffsirr& 0 j^nnsst*. *»«2 9CDtB* 

JRJWB 2 7 ©H0Hi#*«* U $ 6 8 5C^T 

[0050] 
[$6 8] 



Y ! „ = SQ [)1 • Slc,-„-SQk,_„ 
= A {1) • A (i .„ • sin (5 
n (2 • % • f • ( i - 1 ) /f 5 ) ) ) 
[0 05 l]i»S3 7(i, »6 8®f-(y^^Y JK 
{i >£$6 7{C^f«^A I (0 T^»L l t6 9K^t 

[0 05 2 ] 

[$69] Ycii/A , «,,=A„. 1 , • s i n (S ■ (s 
in (2 • tc • f • i /f 5 ) - sin ( 2 • tc • f • 
( i - 1 ) /f .) ) ) /A (t3 20 
If > ^ «/ > ^®a£$ f , ««IBfl-^©^iSf$ f JzQ+ft 

invvt*. $7 legits. $7 o*$6 gjcKA-r 
s. 

[0 05 3] 

[$70] A t( .»/A„,«il 

[$7 1] Ytn/A'c-s in <$ • (sin (2 
•7C-f-i/f 5 )-sin(2-7C-f - ( i - 
1) /f s ) ) ) 

[0054] t>7 - v> yjaaa» f s * faa©-^©ja« 30 

$* 0 t>+fttCM*tt#>. $7 1 H«7 2(C**JM.<& 



(sin 



(2 



i/f 5 ) - s i 



[0055 ] 



7& 



[$7 2] Y C1 ,/A' [4 , = S - sin (2-s-f • 
i/f 5 ) - s i n (2 • tc • f • ( i - 1 ) / 
fs) ) ) 

[0056] ft*. $7 1 X«$7 2 vmStlZm^Y 
[005 7] $71. $72t?». JgiPMA + > 

[0 05 8 ] &4b. W±©^r-«. f c = f 5 /4*JfiK 

k^-t j; 5 tc f 5 /4 a> 6 -r n/cit^-c fetturBjtsr & 

So 

[0 05 9 ] 

[$73 ] f t =f s /4 + Af 
CCT. 0<Af<f s /4 

£©»£> »7 2«|(7 4Kf^5Ci#-e?S„ 
[0 06 0 ] 
[$74] 



Y ( , 3 /A J (i , i n (5 • (s in (2 - it - f 
tc • f • (i — l)/f») ) + 2 • « ■ Af/f s ) 
= sin (5 - ( s i n (2 • 7T • f 
• f • ( i - 1 ) / f ,) ) cos (2 • 7t • A f /f 5 
n<2-7r-f-i/f s )-sin2-«-f - ( i - 
2 • k - Af/f 5 ) 

[0061] y?mmmf s&mmm^vmm 40* [ o o 6 2 ] 

$f =fcf3fe+^«:^*<s^$nri^©r. $7 4« [$7 5] 
i7 5KitM5Cim5„ ★ 

Y m /A' ( ,^5-cos (2-ifAf/f s ) (s 
f s ))-sin(2-7C-f - ( i - 1 ) /f s ) ± S 
/f s ) 

[0 06 3]S75^?.|l6Kj:J:^iC l DC (Si*) 
[0064] C ©^iOilCf f ^ F M» 2 50 



i/f s ) - s in (2 • 

i / f s ) — s i n 2 • re 
)+cos (8 • (si 
- 1 ) /f s ) ) s i n ( 



i n (2 
•sin 



• TC 

(2 



f 

TC 



i/ 
A f 



>T & . l p f teiframsg i7ii9(csi m$-> 
mums 2 % i c . dsp ^©»s@s§t-^^ 



(9) 
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[oo65] (m3<Dmfomm) miRz/mzcmm 
[oo66]0 4 «: a Mmmgimomf&Mz^-r. c <d 

mmit. S3<Dtf£jjX*>6iIJ2J^2 2. 2 3. 
7. 2 9. $8?g3 3. Hgg3 7^(,fciM* 
f -5. 10 
[ 0 0 6 7 ] iK«C. CCD J; 5 A M^I8^<DS!jf£ 

{S ti> } = {- (A fl >+1) • s in (2 • 
cos(4-7t-Af+«/>), (A tJ ,+l) 
A to +l) -cos (8 • tc - A f + 0) . • 
[0 07 1 ] DMUX1 1«. CCOt 1 -* i>$)imn<D& 
f-Z&A-XDti&jfflcmijtZ. -f»t-drl2. 1 
3te{tt*&3ftfc7*-££S&r£. MUX 1 4H, DM 
UX1 l(Dm#7 s -£Sli-S3£3£EKiStRL.TttS;*J 
t5. MUX15H. DMUX1 10tU^f-f-S2 20 

tS4*sss(caworffi*-r*. mux 1 4©m^« 

87 MUX 1 5<Z>ttftKft7 gr*3ft 

So 

[0 072] 

[&78] Sl tl ,= (A fl . k .„+1) • s i 
(2 • k- 1) • tc • Af +0) ) 
<k = 1.2.3. •••) 
[S7 91 Sq {k ,= (A tl . l3 +1> 

TC • Af + 0) ) 

[007 3] ffiPi8l38g 1 7 CD-fe*n»A@SS4 1 tt. &8 30 
9C9-fe*n#AIHSS4 II*. &8 1 VCmt? 4V>Z>\,mn 
[0 074] 

[»8 0] {Si' < 0 } = { (A tl ,+1) • s i n (2 
•TT-Af + 0). 0. (A f3) +l) • s i n (6 • K 
•Af + 0). 0. •••} 

[*8 1] (Sq ,»,} = {0. (Am+1) 'COS 

(4 • jc ■ Af + 0) . 0. (Ao+l) - sin (8 
■It-Af+0) , 0, •■•) 40 
[0 07 5] Wmmffi 17©LPF42ii, f*8 0 (Cij4 

f^y^;H#^M5. fflKlHlggl 9CDLPF4 2 

u ^t8 s^-r^-f y^^m-^^tB^-rs. 

[0 07 6] 
[^8 2] 

SI {1 >= (A (1) +l) - sin (2-r-Af + 0) 
[»83] 

Sfi,)= (A (1) +l) - cos(2-7r-Af + 0) 50 



k ■ 

fc 



f c • t + 

• t + 2 • 



* (t)«^7 6T*^3n-S„ 
[0 06 8] 

[§|5t76] S to =A <t) - cos (2 
2 • 7t • Af + 0) + c o s (2 • 7E 
% ■ Af + 0) 

(cc-c. A ftl «jgigfi4t. f«ttii^s»©jgiaga. a 

[0069] f t = f s /4tT5i. -9->y;>y[5]?s 
5 ©aj;Wltt£fe7 7 -ra34i* 0 

[0070] 
[»77] 



S 1 



Af + «/») . 
n (6 • ic 



- (A (I , 41) 
• Af + 0) . 



( 



} 



n (2 



cos ( 4 • k • 



[0077] tfS2 58. ffifflSR. 1 7©HtfJ«#S 

i«,,*2*-rs Q sni?s3 n*. moBBi 9<z>ffl^m 

[0 07 8] flnJ£«3 5«. Sf^2 5i3 KDHtfrT 
[0079] 

[«8 4] y,„ = SW + S4ii ,= (A f „+1) • 
[0080] COtWffy(1)*D/A3aitSCi 

[008 1 ] (H4 omtCD^flB) m 1 75MHI3 ©Hfi£ 
OJ^«K:*i*>SS««2«rDSP & 4 t? * tois to 

y>^B5 4l/r««B-rSA/D=»>^-.jr5 1 tC« 

i&sn. A/D^^ns. A/D3>/<-i5 lcoai 
-r * v>atomm2 zrnmrz dsp52k 
«*S2*t,£„ dsp 5 2frhmtszti*>Tj^%to'<$m 

i#ttD/A3>A-$ 5 3«Cj:«)r^a^m#{C^gS 
3ft&„ D/Aa>/<-{( 5 3©tfj;fj-r£:#-— r-* tfft 
HHSKS»*l!Jf*-rsr^n^LPF5 4*/M^ 

J'ff-SfW:. DSP5 24D/A3>^-ir5 3iKtt^ 

[0082] ?>^>; > ymHR f ,tx. mmm^om 

^o^FMM^OSASSf&dHf^. a^coFMU 
'✓-A-iHC5 kHz i-TSi. If > y' <J > ^J9ifi3K 
f ,»ft8 5-TSaS. 
[0083] 

[»8 5] f,/4+ 1 5 kHz ^ f ,/2 

fi£->r. ^^u^^mtakf 5 «. f s ^6 0kHz(c 
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[o 0 8 4 ] m5ic^-?Wf&%m^x, zoftwoi^j 
i±mtc'?i>xmm-?&. DSP52iui6t-^© 
>«Sf s ?:6 2. 5kHziifc. mmmm 1 

18kHz ©-^©O--'^^ -f JWCffiSl/, T^P 
^FMm^©«A^jgg!{IMf d 5r5 kHz il, ftp 

[0 08 5] C ©*^© F M^mm^RV F M^iHlf-^ 10 

300Hz~3kHz T'©fI83S<&£08 fC^-T 0 ff-^ 
U-^l^O d B©^F©^cmiSS^W- 4 7 d BfeHFT 

[0 08 6] tomffii&mfribbmhfrfixoic. ±ib 

[0 08 7] ccd^b^«. _hie^ife©^{c pe^ £ n 
•**. «*©»smr.«*»>ifET-&-5. mraf, his 

C^3TO, DMUX1 l©tiS^;M^©^%. {a^fS3 20 

Ck > iM^s^,,, t^-en-etw 1 2. 135c 

A^U 18 0* (iffi^ («P-^©&$k) C/ct^ m^. 
[0 08 8] |3M§te, S4t», DMUX 1 l©tij^fi 

n<D>)Z>^ M#S2 tt) i^S3 tk) i^ft^tw 
-^12. isicAJjL. 1 so- mmm m^m. 

t k , ©— a t mn s 2 ( k , t s 4, k , ©— ^% -< 

[0 08 9 ] _hteHife©»^(C*il»T«. fg^S 

^ 7 U * "9- f6Stffl*J Si.HiSq,,,^ 
2 ft &B$ra?>JfB^f#f# 6 ft •£ & 6 K» ffig©«fiS*»ffl 
1"5Cim4. H90tMtca. 2ffl;fr© 

£1 >> s,„. s t „---*«*ia*L. ffe*©m*Ss{cm*4o 




mmW-S- l 30 l 48 
18 

*^s„ 5 . s r , 5 . s ( .,-"€JS&fftfrr£. fit. s 

£13 > S [sl -iS (lll S (11 -B^?7t62, 64 
*ftLXZ<D£ SBijjL. S C33 . S I71 ---iS {4)1 S 

CitCtO. B*ra5>J<f#Si tk3 iSq (kl 4£j£tTf?S. 
[0 09 0] 

[«J3©8Wft] tUi^©<fc^tc, CCHWc^fttf, 
9 0* f fiffif F-JxTlC^^SiOT^t 

immommtcmmi 

[Hi] c <Dmm<Dm 1 ©nm©^^^ 5 f m^ii 

[02 ] 0 1 K^TfflP^@8S©^^r^n ? 

[ 0 3 ] C <D§m<Dm 2 €£9tHD7£tt{C#>*> £ F MSrff 

^©^Sr^-r^p ? zm-e&Zo 
[ 0 4 ] c <rmm<om 3 s a Msm 

[i5] zamwof-f^iutsFMrnm^ZDs p&m 

[06] BS©^©^^ i?5r;uap||©SFffi«:ffiffli> 

[07] m$<Dmm<DT j v^ti frmmmoinmicmsL 
[08] «Mt^ojaiStt&anis»on««^-r^? 

[0 9] ^B»>JM#*flfeJsR'r&|3B,<DS0^«*^"r^ , P 
[^©lit9J] 

l---FMf<li, Z-"74*J$)VFUmm. 3 ■ ■■ 
1--DMUX, 1 2 • 1 3 14-15 

•••mux. i7-i 9 • • -wmmm. 2 1 ■•■mw® 
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